As part ut ,1 biudiversitvsur\TV, suil are descrilwd ,llld classilied at 30e] lju,ldrats sd in uncleared \egdatiun remn,lllts throughuut the Western Australian wlll'atbelt.
INTRODUCTION

Overview of soils of south-western Australia
South-western Australia has long been recognized for having a predominance of sandy and infertile soils (McArthur, 1991) . Trad itional paradigms to explain these characters invoke deep weathering and planation over a long period, perhaps eons (Jutson, 19S0; Mulcahy, 1973) .
The major influences on soils are the soil parent material and the degree of weathering and landscape rejuvenation GlLlsed primMilv by tectonic activity and climate change (Mulcahv, 1973;  McArthur cl 0/.,1977; Tille l'I il/., 2(01) . This recognition is the basis of small-scale soil mapping products (Prescott. 1931 ; Northcotc l'I il/., IL)67; McArthur l'f 0/., 1 These authors broadlv recognize the domin,lllc(' of the weatl1l'red acidic granitic shield with sandv sediments its coastal mMgins. Areas 01 ficant stripping, principallv b v wakr (linkl and Churchward, I Me identified as such in the Zone of Rejuvenated Drainage (Mulcahy and Ilingston, 19(1) . These contrast with the drier Zone of Ancient Drainage with its limikd stripping and sluggish drainage lines.
Vegetation type distribution has been explained as being determined by soil and climate (Cardner, 1944; Lange, 19(0) . These views are being challenged by Pall' l'f 0/. (2000) who, through investigation of relationships bctween soil and native plants, invert this relationship. 'fhey provide evidence that many of the soil tvpes in southwestern Australia are the product of plant exudates and the actions of micro-organisms. While the influence of root exudates in mineral weathering has long lwen recognized, the novt,ltv lies in the active influence of pMticulM plant groups, e.g. Proteaceae, in modifving their soil environment to their own advantage. Thev assert that thest' formation proCl'sses, being both long standing and contempor<H\', helVe contributl'd much to the planation.
No matter what till' predominant soil formation process is, it is clear that plants and soil hilve a strong rel,ltionship. settlers this (Moore, IHH4 cited in MC/\rthur, 1991) in their selection of Iimd.The extension of ,'griculture into the wheatbelt continued IMgelv based on vegetiltion types as a guide to the suitabilitv of the land.
No accurdte soil tvpe m,lp of south-weslL'rn Australi,l hilS been prep,Hed; only various r e p r e s e n t a t i o n so fl a n dt r a c t sw i t h d i f f e r e n ts u i t e s o fs o i l s .T h eA t l a s o fA u s t r a l i a n S o i l s(N o r t h c o t ee t a l . ,1 9 6 7 )h a sb e e nu n t i lr e c e n t l yt h em o s t d e t a i l e d c om p l e t em a p ( s c a l e1 : 2 , 0 0 0 , 0 ( 0 )o f t h es o i l so f s o u t h -w e s t e r nA u s t r a l i a . L a n d s c a p ec h a r a c t e r i s t i c sa r eam a j o r c om p o n e n t o f r e c e n t s o i l -l a n d s c a p e m a p p i n g b y t h e D e p a r tm e n t o fA g r i c u l t u r e , W e s t e r n A u s t r a l i a ( P u r d i e ,1 9 9 3 ) .T h e s e 1 : 5 0 , 0 0 0t o1 : 2 5 0 , 0 0 0s c a l e m a p s u s ea nh i e r a r c h yo fm a p u n i t s .A m a p o ft h e d om i n a n t s o i l s i n s o u t h -w e s t e r n A u s t r a l i a ( S c h o k n e c h t ,2 ( 0 2 )r e p r e s e n t e d o nac o n s i s t e n ts o i ll a n d s c a p es y s t em su n i t( P u r d i e ,1 9 9 3 )h a sb e e na p r o d u c to ft h i s p r o g r amm e . A n im p o r t a n tsm a l l -s c a l e dp r o d u c ti sas o i l -E .A . G r i f f i n ,T .C . S t o n em a n l a
n d s c a p ez o n em a p o fs o u t h -w e s t e r nA u s t r a l i a i n w h i c h t h eb r o a d p a t t e r n s o f l a n d s c a p e sa r e i n d i c a t e d( F i g u r e1 ) .T h e s e z o n e sa r ec o n v e n i e n t v e h i c l e sb y w h i c h t h eb r o a d s o i la n dl a n d s c a p e c h a r a c t e r i s t i c sc a nb ec omm u n i c a t e d .T h e y h a v e m o d e s t c o r r e l a t i o nw i t h t h e!BRAr e g i o n s( s e e
F i g u r e1o fM cK e n z i e e ta l . ,2 0 0 4 )b u ta r eu n i t so fa m o r e d e t a i l e ds c a l e .S umm a r yd e s c r i p t i o n so ft h e s e z o n e s , i n c l u d i n gp a r e n t m a t e r i a l , d e g r e e o f s t r i p p i n g ,a n dd om i n a n ts o i l s ,a r ep r o v i d e di n T a b l e 1 . F i g u r e1 ,w h i c h s h ow st h e s ez o n e sa n da v e r a g e a n n u a lr a i n f a l l ,s u g g e s t st h a tc l im a t eh a sh a d a s t r o n gi n f l u e n c eo n g e om o r p h o l o g y a n d s o i l d e v e l o pm e n t . 
L EG END 2 W E S T E R N R EG ION
2 1Sw a nP r o v i n c e 2 1 1C o a s t a lD u n eZ o n e 2 1 2B a s s e n d e a nZ o n e 2 1 3P i n J a r r aZ o n ẽ~~~~~~~~Z o n e 2 1 6L e e uw l nZ o n e 2 2~~~~2 2 2D a n d a r aQ a nP l a t e a uZ o n ẽ V l c t o n aP l a t e a uZ o n e 2 2 4A r r ow sm l t hZ o n ẽ~~~~2 3C a r n a r v o nP r o v t n c e 2 3 1G e r a l d t o n C o a s t a lZ o n e 2 3 2K a l b a r r lS a n d p l a i nZ o n e 2 4~~~~~~~~~~~2 4 4R a v e n s t h o r o eZ o n e 2 4 5E s p e r a n , , -eS a n d p l a r nZ o n e 2 4 6S a lm o nG um s M a l l e e Z o n e 2 4 8S t i r l i n gR a n g eZ o n e F i g u r e ] S o i l -l a n d s c a p ez o n em a p w i t h r a i n f a l li s o h y e t s , S am p l i n gf o r S a l i n i t yA c t i o n P l a n T h i s p a p e rp r e s e n t sd e s c r i p t i o n so ft h es o i l sa t e a c ho ft h e t e r r e s t r i a l b i o d i v e r s i t yq u a d r a t ss am p l e d d u r i n gt h eS a l i n i t yA c t i o n P l a ns u r v e y(M cK e n z i e e ta l . ,2 ( 0 4 ) .A s umm a r yo ft h em a i n s o i l ss am p l e d i sp r o v i d e d . I ti n c l u d e sa na s s e s sm e n to f t h e r e p r e s e n t a t i v e n e s so ft h e s eq u a d r a t s ,i n d i v i d u a l l y a n dc o l l e c t i v e l y ,i nt e rm so ft h es o i l sd o c um e n t e d t o o c c u ri n t h e w h e a t b e l td u r i n gt h e D e p a r tm e n to f A g r i c u l t u r e ' s s o i l -l a n d s c a p em a p p i n g p r o g r amm e . A n a t t em p ti sa l s om a d e t op r e d i c ti fa n yu n d e rs am p l e ds o i l sc o u l dh a v eb e e n f o u n di ne x t a n t n a t i v ev e g e t a t i o ni n t h e w h e a t b e l t .
M E THOD S S o i ls am p l i n g a ts u r v e y q u a d r a t s T h e w h e a t b e l t s t u d ya r e aw a s d i v i d e d i n t o2 4 s u r v e y a r e a s( s e e F i g u r e1i n M cK e n z i e e ta l . ,2 ( 0 4 ) . Tw e l v e o r1 3q u a d r a t sw e r e e s t a b l i s h e di ne a c h s u r v e ya r e a , w i t h e a c hq u a d r a ta t t em p t i n gt o r e p r e s e n t ad i f f e r e n tl a n d s c a p e o rv e g e t a t i o nt y p e . A l l w e r e i na p p a r e n t l y n a t u r a l v e g e t a t i o n r e l a t i v e l yu n a f f e c t e db yE u r o p e a na c t i v i t i e s .T h e r e w a s ad e l i b e r a t ep a i r i n go fs om eq u a d r a t ss ot h a t e f f e c t so fr i s i n gs a l i n eg r o u n d w a t e r s m i g h t b e e x am i n e d . 
24~~~~~~2
4 2A i t a n yS a n d p l a i nZ o n e 2 4 3J e r r am u n g u pP l a i nZ o n a 2 4 4~2 4 g s p e r a r n ; e a i nZ o n e 2 4 . 1m o n G um s a l l o oZ o n e 2 4 S t i r l i n gR a n g eZ o n e 2 5A v o nP r o v i n c e 2 5 0S o l J t h . e a s l l lmZ o n eo fA n c l e n lD r a i n a g e 2 5 3E a s t emD a r l i n g R a n g eZ o n e 2 5 4W a r r e n ·D e nm a r kS oU t h f a n dZ o n e 2 5 5W e s t e r n D a r h n o n e 2 : ; < ;N o r t h emZ o n e , . ' l t e d D r a " " , 9 " 2 ; 5 1S o u t h e r nZ o n eo t e l u v e n , lH e dD r am , i g e 2 5 8N o t t h e r n Z o n eQ : f t l e r i r v r aU 1 a g e 2 ; 5 9S o u t h -w e s l e r nL eo tA n c > e n lD r a i n a g e 2 6K l l k l o o r l l eP r o v i n c e 2 ; 6 1'S o u t h e r n C r o s sZ o n e 2 7M u r c h l $O n P r o v i n c e 2 7 1I r w > nR i v e rZ o n e 2 4 6 2 4 . 6 2 1 6 2 5 4 OC E AN 3 5 " 1 5 ' 0 0 ·S
. : : : 3 5 " 1 5 ' 0 0 · S 1 2 3 " 3 0 ' 0 0 'E 1 1 4 . " 0 0 0 0 'E R e i " , , , , , , , , , P rO jOC l lOO U nw e r s a l T r a n s v e r s eM e r c a lO < Z o o e5 0 D a t um GD A 9 4 S o u r c e< : l a l a s y s t em sm a p p i n g a tv a n o u ss c a l e s( 1 . 5O , ( J ( ) ( )-1 . Gently undulating plain dissected by a number of short rivers flowing south. Eocene marine sediments overlying Proterozoic granitic and metamorphic rocks. Soils are sandy duplex soils, often alkaline and sodic, with some sands and gravels.
Level to gently undulating plain dissected by a number of short rivers floWing south. On Eocene marine sediments overlying Proterozoic granitic and metamorphic rocks. Soils are alkaline sandy duplex soils with some clays, sands and gravels.
Rolling low hills on greenstone (mafic and ultramafic). Moderately dissected with south-flowing rivers. Red fine-textured soils.
Level to gently undulating plain dissected by a number of short rivers flowing south. Formed on Eocene marine sediments overlying Proterozoic granitic and metamorphic rocks. Soils are grey fine sandy duplex soils and fine sands. Moderately dissected lateritic plateau on granite with deeply incised valleys, includes the Darling Scarp on the western margin. Soils are formed in laterite, lateritic colluvium and weathered in-situ granite and gneiss.
Erosional surface of gently undulating rises to low hills. Continuous stream channels that flow in most years. Colluvial processes are active. Soils formed m colluvium or in-situ weathered rock. Mainly from Jimperding MetamorphiC Rocks
Erosional surface of undulating rises to low hills. Continuous stream channels that flow in most years. Colluvial processes are active. Soils formed in colluvium or in-situ weathered rock.
An ancient plain with low relief on weathered granite. There is no connected drainage, salt lake chains occur as remnants of ancient drainage systems which now only function in very wet years. Lateritic uplands dominated by yellow sandplain An ancient plain of low relief on weathered granites with sluggish drainage systems and uplands dominated by sands and gravels. Lateritic uplands dominated by grey sandy gravel plain predominately with proteaceous species.
Rises and low hills on Archaean greenstones, with broad valleys often containing salt lake chams. Soils are usually red, loamy to clayey and calcareous.
The lrwin and Lockier River catchments within the Yilgarn Craton. Archaean granites, gneisses, metasediments and basic igneous rocks.
At each of the 304 quadrats ( Figure 2 ) landscape and soil descriptions were made using Department of Agriculture, Western Australia, standards which are based on McDonald et Ill. (1990) . These edaphic descriptions provide opportunities for correlations with the observed biota to be examined. The standardized observations made allow potential extension of biological findings to areas not sampled through the point and polygon datasets of the Department of Agriculture.
Soil profiles were described from hand auger borings, made to a depth of about 1 m where possible. The morphological characters/properties recorded included colours, field textures, coarse fragments, structure, mottles, and the presence of root limiting layers such as pans. Field pH of most layers was determined using an Inoculo Soil pll kit. Soil profiles were classified into Western Australian Soil Groups (Schoknecht, 2002) and the Australian Soil Classification (ASC) (Isbell, 2002) . The latter was often tentative due to the absence of all of the required laboratory data. Tenosols, which require little or no laboratory data, are probably quite reliable. However, the distinction between Chromosols and Sodosols and many lower levels of the classification require laboratory data for reasonable certainty. Some morphological property correlations and geographic and landscape distributions often assisted in guessing the likely ASC Soil Order.
Samples of layers were taken for laboratory analysis at all quadrats. Financial constraints restricted analysis to one representative subsoil layer from each quadrat. The analyses included pl-I, electrical conductivity, chloride, calcium carbonate and gypsum content and were conducted bv the 1. Regions Broad subdivisions of the Australian continent _ (Bettenay 1983).
e.g. The Western Region (2) 2. Provinces
Provide a broad overview of the whole state ---suitable for maps at scales of about 1:5,000,000 (Bettenay 1983). e.g. The Avon Province (25) 3. Zones Areas defined on geomorphologic or geological criteria, suitable for regional perspectives.
---e.g. South-western Zone of Ancient Drainage (259) 4. Systems Areas with recurring patterns of landforms, soils and vegetation, suitable for regional mapping at ---scales of 1:250,000.
e.g. Kukerin System (259Kk)
5. Subsystems Areas of characteristic landforms features containing definite suites of soils, suitable for _ mapping at regional scales of 1:100,000.
e.g. Kukerin 1 Subsystem (259Kk_l) 6. Subsystem phases Division of subsystems based on land use interpretation requirements.
---e.g. Kukerin 1 sandy phase (259Kk_ls) 7. Land units (unmapped at regional scale) Describe areas of land with similar soils, slopes and landforms. Bulked soil samples were also taken at depths of between 50 100 mm from a 30m x 30 m vegetation plot within each of the terrestrial biodiversity quadrats (see Methods in McKenzie et aI., 2004) . These 0.5 to 1 kg samples were analyzed by the Chemistry Centre of WA for pr!, EC, organic carbon, total Nand P, bicarbonate extractable P and K, as well as exchangeable cations, gypsum and calcium carbonate (see Appendix 3 in McKenzie ct aI., 2004) .
The descriptions of individual quadrats and their profiles have been incorporated into the Soil Profiles database of the Department of Agriculture, Western Australia. This contains over 50,000 similar observations, mostly from south-western Australia.
Analysis of representativeness
The soil units used for the analyses in this paper are Western Australian Soil Groups (Schoknecht, 2002) rather than the Australian standard (Australian Soil Classification, Isbell 2002) (ASC). Soil Groups were developed by the Department of Agriculture as a standard way for describing the soils of Western Australia, particularly those in the State's south-west. Sixty Soil Groups in 13 Super Groups are recognized. All 60 are quite general units, each of which represents many different soil types, used for land-use communication. The Soil Groups' virtues include ease of recognition and simplicity in concepts such as uniform, gradational and texture contrast profile types used in the system of Northcote (1979) plus soil colours and gravel content.
The ASC is a system widely used in land resource assessment in Australia but its adoption is limited in Western Australia. It has been used in the definition of major soil types (soil series), e.g. Percy (2000) . Schoknecht (2002) shows that there are some broad relationships between the ASC and Soil Groups, but the significant differences between these systems restrict its use for mapping soil units in Western Australia.
The Department of Agriculture's regional soillandscape mapping was used for comparison of the soil sampled at the quadrats. While there is complete coverage by this mapping for southwestern Australia, only about half has been published (e.g. Percy, 2000) , and much was in draft form at the time of analysis (e.g. Verboom and Galloway, 2004) . All mapping has descriptions and soil attribution and is being progressively reviewed. The soil-landscape maps are hierarchial, with a 97 number of ranks that recognize different levels of complexity in soil, parent material and landscape (Purdie, 1993) . Figure 3 provides an example of the hierarchy. The most detailed mapped units are typically subsystems and phases but are systems in some areas. All these units are heterogeneous and are partially characterized by the proportional allocation of Soil Groups by landscape position, e.g. Grey shallow sandy duplex on a footslope.
The soil-landscape hierarchy. provides a number of levels at which soil and landscape data can be presented and interpreted. Soil-landscape zones provide useful units to represent the major geomorphic character and soils of south-western Australia (e.g. Figure 1 ). As a map unit they are similar to IBRA subregions (Cummings. and Hardy, 2000) in their intended scale of use.
The soil-landscape map unit in which each of the quadrats occurred was determined by a geographic information system (GIS) spatial query. Combining these data it was possible to determine what soils were considered characteristic of the wheatbelt and identify areas and soils that might have been underor over-sampled by the quadrats.
There are several reasons why the soil type observed at a quadrat can be different from that expected on the basis of the soil-landscape mapping. All mapping is affected by landscape heterogeneity, soil sampling intensity and soil mapping scale. The observed soil type may belong to a different land tract that was overlooked during the mapping programme, or be rare at local, general or at all scales of mapping in an area.
Determining just how well a quad rat's soil represented the map unit in which it fell was, therefore, somewhat problematical. Uncertainties included the classification of the soil at the quadrats and the allocation of soils to a map unit. The latter was influenced by the accuracy of the mapping and the knowledge of the soil types in the map unit. Thus comparisons were made at several mapping scales to gain an overall assessment.
Firstly, the comparison was made at the map unit, soil-landscape system and soil-landscape zone levels. These were all valid map units of different rank directly related to the individual quadrats. Secondly, to try to accommodate the likelihood of some differences in the soil classification, comparisons were made at both the soil group level and the super-group level. More weighting was given to the soil group than to the super group.
For each level of mapping, each quadrat was assigned to one of several levels of representativeness based on score classes of common, frequent, similar, uncommon, rare and not recorded. These were a somewhat arbitrarv ranking with qualitative meaning only.
Only a small fraction «1%) of vegetation remnants in the wheatbelt could be sampled using 304 T a b l e2 E x p e c t e dp e r c e n t a g eo c c u r r e n c eo fd i f f e r e n tS o i lG r o u p s i n s o i l -l a n d s c a p ez o n e s ,w i t h t h e n um b e ro fq u a d r a t s s am p l e di n b r a c k e t s . ( 1 )
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S a l i n ew e ts o i l 2 0 - C a l c a r e o u ss h a l l ow s a n d
4 2 2 P a l es h a l l ow s a n d in very poor condition. Secondly, the vegetated 2001) with the regional soil-landscape mapping portion of a soil-landscape unit is assumed to provided an approximation. This involved have the same soils as the map unit as a whole. In determining the apparent area of remnant vegetation many cases this will not be true because clearing in each of the most detailed soil-landscape map has been biased towards soils of higher units. By assuming that the remnant vegetated areas agricultural productivity. Thus a conservative in a map unit had the same proportion of soil types evaluation was made of just the soils that were as did the map unit as a whole, the area of each of expected to occur in at least 5% of a zone and these poorly sampled soils in remaining vegetation were poorly sampled by this study (i.e. sampled in each zone was calculated.
at either 0 or 1 quadrat). 
RESULTS
Soils sampled
A standard report generated from the Department of Agriculture's Soil Profiles database is provided for each of these quadrats (Appendix 1). Appendix 2 is a listing of the 304 quadrats showing the Soil Group and the soil-landscape map unit in which each falls. A coding is also provided which tries to indicate how well each quadrat's Soil Group matched that expected to occur in the map unit, in its parent soil-landscape system, and in its parent soil-landscape zone. Sandy surfaced soils were predominant amongst the quadrats. Clayey and loamy surfaced soils were represented by small numbers of quadrats.
Western Australial1 Soil Groups
The soils at the quad rats were from 39 Soil Groups and five Super Croups (used when it was not possible to identify a Soil Croup) ( Table 2) . Twelve of the thirteen Super Croups in the classification system were represented by these quadrats. 111e predominant Super Croups sampled were Deep sands, Sandy duplexes and Wet or waterlogged soils. The most common Soil Groups sampled were Shallow gravel, Pale deep sand, Yellow deep sand, Saline wet soil, Grey deep sandy duplex, Alkaline grey shallow sandy duplex, Grey shallow sandy duplex, Alkaline grey shallow sandy duplex, Grey shallow sandy duplex, Salt lake soil, Pale shallow sand, Red shallow sandy duplex, 
Australian Soil Classification
Each soil sampled in the present survey was classified using Isbell (2002) (Appendices 1,2) . Most of the ASC Soil Orders were represented by the quadrats sampled (Table 3) . Tenosols, Chromosols and Sodosols predominated as is typical for southwestern Australia (Isbell et aI., 1997) . The apparent of abundance of Hydrosols, however, appears to be an over-representation for the wheatbelt.
The distribution of Soil Orders by soil-landscape zones was briefly investigated. However, the disproportionate number of quadrats in each zone prevented more than brief observations to be made. Tenosols are widespread in most zones of southwestern Australia including the wheatbelt. Chromosols are also widespread, particularly in the wheatbelt. Sodosols are also important but more localized. Their main occurrences are in the southeastern and eastern portions of the wheatbelt (Zones 250 and 258).
Geographic and Iandform representativeness of quadrats
Most of the 24 survey areas were predominantly in a single soil-landscape zone but few were exclusively so. Each survey area had quad rats from at least three soil-landscape systems and together these systems represented at least two major landforms. This supports the intention for each survey area to represent a range of landscapes. Some soil-landscape systems were sampled by more than one survey area. Thus, survey areas sampled overlapping portions of the edaphic environment and to some degree are likely to be arbitrary geographic groupings of quadrats. This implies that biological differences based on aggregating quadrats into survey area units should be interpreted cautiously. The 304 quadrats were located in 188 different map units (mostly of subsystem rank, but also some phases) from 96 systems (Appendix 2). Of these systems, Kwolyin, Lagan, Wallambin, Scaddan, Coblinine, Boyagin, Bonnie Rock and Newdegate had more than seven quadrats each. The systems with most quadrats tended to have been sampled by two or more survey areas. There was a tendency for the larger systems to have more of the quadrats (Table 4) . However, of the systems with quadrats, several of the larger ones were relatively poorly sampled (e.g. Tandagin and Halbert).
The systems with quadrats can be grouped into a number of broad landforms (Table 5 ). These data show that saline alluvial plain systems (e.g. Lagan, Wallambin and Coblinine) had about twice the number of quad rats per system as did systems of other landforms. This was not just related to the area of these svstems. Table 6 shows that there were many more quad rats on saline alluvial plains of systems in the area classes '100 to 300K ha' and '300 to 500K ha'.
Of the soil-landscape zones sampled, Northern Zone of Ancient Drainage (258) had the greatest number of quadrats (70, Table 7 ). However based on their area, Zones 248, 225, 253, 257 and 250 had relatively more quadrats than did other zones. On a similar area basis, Zones 261, 244, 243, 255, 254, 226, 256, 232 and 246 had very low numbers of quad rats. Many of these zones are on the margin of the wheatbelt and could be expected to be have been poorly sampled in this study. It could also be argued that two of them are not typical wheatbelt areas and should not have been sampled: WarrenDenmark Southland (254) and Western Darling Range (255). However, some typical wheatbelt zones had low sampling densities: Southern Cross (261), Lockier (226) and Salmon Gums-Mallee (246). Table 7   Symbol   RGE  261  243  244  255  226  254  232  246  256  241  245  271  222  223  258  259  250  257  253  231  225  248 Number of quad rats in soil-landscape zones. 6  249  0  0  542  1  2  606  1  2  1177  5  4  164  1  6  1576  9  6  125  1  8  1887  16  8  1137  9  8  330  3  9  1021  9  9  871  10  11  735  9  12  688  8  12  5404  70  13  1262  20  16  2503  49  20  1409  28  20  1266  29  21  38  1  26  290  10  34  210 8 38 Representativeness at map unit level Soils of quadrats that were common or frequent at the map unit level were often at least frequent at the system or zone level. At all levels of analysis (either mapping scales or soil classification rank), less than a third of the quadrats had soils that were considered common or frequent in the mapped unit, the system or the zone in which they occurred. On the other hand, more than 50% were uncommon, rare or not previously recorded (Table  8 ). While this suggests that the quadrats are skewed towards the less common soils, no test of significance was performed.
There appeared to be systematic differences in the analysis from the different levels of mapping. At the mapped unit level, more of the soils tended to be either common, or not previously recorded compared to the assessment for systems and particularly for zones. This is explainable in terms of the characteristics of these map units. The most detailed levels of the mapping hierarchy tend to contain few soils, all of which are relatively common. They may contain small inclusions of different soils which are often not recognised because of their rare occurrence. Thus the likely result is a high proportion of soils not previously recorded at the mapped unit level. Systems and Zones, however, are the amalgamation of different mapped units and tend to be more heterogeneous with fewer soils being common. They contain many more soils from often quite different map units. Thus, as in this analysis, the number of soils not previously recorded for these units will be less compared to the detailed mapping.
Potential to find poorly sampled soils in remnant vegetation
The areal extent of indigenous vegetation remaining in each zone varied from over 50% (Zones 246 and 248) to less than 10% (Zones 226, 256 and 259) ( Table 9 ). These data reflect the differential clearing of the south-western Australia. Of the typical wheatbeIt areas (Zones 223, 225, 226, 250, 256, 257, 258, 259, 261 and 271) , only Zones 250 and 261 have retained significant areas of native vegetation. Both are on the eastern margin of the wheatbelt.
A number of Soil Groups that were at least moderately abundant in a zone according to the mapping (>5% coverage) were poorly sampled by quadrats in the same zone. These amounted to 11.4% (72) of the combinations of Soil Group by zone from 35 Soil Groups and 18 zones ( Table 9 ). For each of these, a code has been inserted in the Table to indicate the proportion of the zone that is expected to be the particular Soil Group. The inferred area of each combination is also shown. All of these apparently poorly sampled and relatively important soils appear to occur in remnant vegetation in their respective zones, varying from small areas to hundreds of thousand hectares. Those with large areas are probably real, but those with small areas could be artefacts of the analysis or mapping. Table 10 is an attempt to summarise these data. It shows that more than half of these combinations are of Soil Groups that are <10% of the zone and may have been difficult to find, even in areas which had significant remnant vegetation. Nearly a third of occurrences in Table 9 appear to have much (>10,000 ha) vegetation in the indicated Soil Group in the relevant zone. This includes Soil Groups from a range of zones; the Dandaragan Plateau Zone (222 -Yellow deep sand and Gravelly pale deep sand), the Kalbarri Sandplain Zone (232 -Pale deep sand), the Jerramungup Zone (243 -Grey shallow sandy duplex), the Esperance Sandplain Zone (245 -Pale deep sand and Grey shallow sandy duplex), the Salmon Gums-MalIee Zone (246 -Calcareous loamy earth), the Stirling Range Zone (248 -Stony soil and Grey deep sandy duplex), the Eastern Darling Range Zone (253 -Deep sandy gravel and Loamy gravel), the Southern Cross Zone (261 -Calcareous loamy earth and Red/brown noncracking clay) and the Irwin River Zone (271 -Redbrown hardpan shallow loam). Except for the Irwin River Zone, all have more than a 25% coverage of native vegetation. Of these, only the Southern Cross and Irwin River Zones are core wheatbelt areas.
On the other hand, about a third of these 72 occurrences have little or very little vegetation. These are some of the poorly sampled Soil Groups from Lockier Zone (226), Port Gregory Coastal Zone (231), Chapman Zone (225), Northern Zone of Rejuvenated Drainage (256), Kalbarri Sandplain Zone (232), Stirling Range Zone (248), South- Table 9 Expected area of remnant native vegetation for under-sampled soils, by Soil Group and soil-landscClpe zone. Under-sampled Soil Groups had one or no quadrats in the particular zone Clnd from the soil mapping were expected to occupy at least 5% of the zone. Empty cells are either soils which hCld a number of quad rats in the zone or were expected to occupy < 5% of the zone. Table 10 Summary of importance of under-sampled soil by area of Soil Group with vegetation. Summarized from Table 9 Vegetation on Soil Group in zone Much (>10,000 ha) Some (5,000 10,000 ha) Little (1,000 -5,000 ha) Very little «1,000 ha) All
Relative importance of soil in zone A (20-100%) B 00-20%) C (5-10%) DISCUSSION The virtue of sampling the biota of most of the major soils in different parts of the wheatbelt is undeniable. However, the task of obtaining comprehensive and representative sampling is substantial. To sample just once in each of the Soil Groups that apparently occupy 5% or more of each of the 18 soil-landscape zones covering the present study area would require about 100 quadrats. This overlooks the fact that, each Soil Group is a broad concept that often, for example, makes no distinction between many soils with alkaline, calcareous, acid or sodic subsoils, so several hundred additional quadrats would have been needed to represent the major soil variations just once. Therefore, with funding for only 304 quadrats available under the current study, it would have been nearly impossible to achieve a comprehensive coverage of soils.
Locating a representative range of soils, particularly the less common ones, is a difficult task anywhere, let-alone in natural vegetated remnants. Nevertheless, it was still instructive to evaluate just how well the wheatbelt's soils were sampled. The 304 quadrats included 39 of the 60 Soil Groups, most of which are present in the wheatbelt. Those either not sampled or poorly sampled tended to be from the loamy or clayey surfaced soils. Their low frequency of sampling is not surprising as these soils are those most likely to have been cleared for agriculture. The analysis showed that these appeared to have only a small potential to exist in native vegetation; they were unlikely to be readily available in extant remnant vegetation. On the other hand, some of the more common soils were undersampled (in terms of low numbers of quadrats in relation to the area occupied by the soil). In some zones these included soils such as Yellow deep sand. Most of these appeared to have remnant vegetation available for sampling.
A parallel aim of the sampling program was to document some of the biodiversity in areas under threat from the effects of advancing salinity, which is more pronounced on valley floors. Sampling was, therefore, skewed towards soils of wet and saline valley floors. These areas were deliberately sampled more than the interfluves, with additional quadrats on the valley floors representing salt-affected examples of these environments. In addition, quadrats were sampled on the margin of the wheatbelt to provide comparison. The quadrats around Lake Muir (in Zones 254 and 255) are examples.
The data were too few to conclusively define poorly sampled parts of the wheatbelt. However, two small soil-landscape zones stand out in this regard. The Lockier Zone (near Mingenew) had just one quadrat, but it appears that there was very little remnant vegetation in good condition to sample. On the other hand, the Southern Cross Zone, an area dominated by greenstone parent material on the eastern edge of the study area, was not sampled even though there are significant areas of native vegetation in that zone. The apparent over-sampling of Zones 254 and 255 was a product of deliberate sampling of valley floors mentioned above.
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